Located at the center of the Perseus cluster, 3C 84 is an extremely bright and nearby radio galaxy. Because of the strong diffuse thermal emission from the cluster in X-rays, the detailed properties and the origin of a power-law component from the central active galactic nucleus (AGN) remains unclear in the source. We report here the first NuSTAR observations of 3C 84. The source was observed for 24.2 and 32 ks on February 01 and 04, 2018, respectively. NuSTAR observations spectrally decompose the power-law AGN component above 10 keV. The power-law component dominates the spectrum above 20 keV with a photon index ∼1.9 and an energy flux F 20−30 keV = 1.0 ×10 −11 erg cm −2 s −1 , corresponding to an isotropic luminosity, L 20−30 keV = 7.4×10 42 erg s −1 . We discuss possible emitting sites for the power-law component. The expected thermal emission from the accretion disk is not hot enough to account for the hard X-rays detected from the source. Similar X-ray and γ-ray photon indices and long-term flux variations, the absence of cutoff energy in the hard X-ray spectrum of the source, correlated hard X-ray flux and hardness ratio variations, and the similarity of optical-X-ray slope to blazar rather than Seyfert galaxies supports the hard X-ray power-law component originating from the jet.
INTRODUCTION
The Perseus cluster of galaxies is one of the X-ray brightest and nearest clusters in the sky. At the center of the Perseus cluster, 3C 84 is a nearby (z=0.0172) radio loud active galactic nucleus (AGN) with a black hole mass ∼(3.4-8.0)×10 8 M ⊙ (Wilman et al. 2005; Scharwächter et al. 2013 ) and a relatively low Eddington ratio, L B /L Edd ∼ 3×10 −4 (Sikora et al. 2007 ). The source is classified as a Seyfert Type 1.5 galaxy (Ho et al. 1997) . Being at the center of a bright cluster, the X-ray properties of 3C 84 have been extensively studied. Fabian et al. (2015) compared the longterm X-ray variations with 90 GHz radio flux and found similar variations in the two. XMM-Newton observations taken in 2001 suggest the presence of a narrow Fe-Kα line in the spectrum (Churazov et al. 2003) . The recent observations by the Hitomi/Soft X-ray telescope (SXS) confirm the detection of the 6.4 keV Fe-Kα line at the 5.4σ level, and suggest that the line originates within ∼1.6 kpc of the 3C 84 core (Hitomi Collaboration et al. 2018) .
The source has been detected at GeV energies since the beginning of Fermi Large Area Telescope (LAT) observations (Abdo et al. 2009 ). Being relatively inactive throughout the 1990s, there has been an increase in γ-ray flux and cm-radio activity, which appears to have begun in 2005 (Abdo et al. 2009; Nagai et al. 2010; Suzuki et al. 2012) . From December 2016 to early January 2017, the source was detected at TeV energies (Mukherjee & VERITAS Collaboration 2017; Mirzoyan 2017; MAGIC collaboration et al. 2018 ). An increase in the radio, soft X-ray and γ-ray flux was also detected during this flaring activity period (Hodgson et al. 2018; Fukazawa et al. 2018) . The X-ray emission of the source is strongly dominated by the thermal diffuse radiation from the cluster and a power-law component associated with the central AGN (Hitomi Collaboration et al. 2018; Ajello et al. 2009 ). However the physical origin this power-law component, e.g., whether it is more similar to the jet-like origin of the X-ray continuum in blazars or the thermal Comptonization component in Seyfert galaxies, is not clear. Similarities in the X-ray and radio/γ-ray flux variations (Fabian et al. 2015; Fukazawa et al. 2018) clearly hint in favor of the presence of a jet-based emission component. We present here the first NuS-TAR observations of the Perseus cluster, which spectrally decompose the power-law emission component from the central AGN, and present the Swift-BAT data revealing variability of the hard X-ray flux. This paper is structured as follows. Observations and data reduction are described in Sect. 2. Analysis and results are given in Sect. 3, and Sect. 4 and 5 presents the discussion and conclusions, respectively.
OBSERVATIONS AND DATA REDUCTION
At the end of 2016, 3C 84 went through an extreme flaring activity at GeV/TeV energies (Mirzoyan 2017; Hodgson et al. 2018) . To follow up the flaring activity at hard X-rays, we requested two NuSTAR (Harrison et al. 2013) Oh et al. (2018) ; we detail the spectral fitting of those data in Section 4.2.
Data were analyzed using the NuSTAR Data Analysis Software (NuSTARDAS) package v.1.3.1. After processing the raw data via nupipeline, we used nuproducts to extract higher level products, i.e. source spectra and light curves. A hard X-ray image of the source can be seen in Fig. 1 . Since the Perseus cluster is a spatially extended source, we used different approaches to extract the flux and spectrum of the central AGN 3C 84. Data for the central AGN component were extracted from a region of 30" radius, centered on the position of 3C 84 (RA=3:19:48.38,Dec.=+41:30:42.10). Background was extracted from a 30" radius region roughly 180" SW of the source location. We also cross-check the results by selecting an annular background region centered at the source position with an inner radius of 200" and an outer radius of 230". We binned the spectra in order to have at least 30 counts per rebinned channel. For spectral fitting, we considered the channels corresponding nominally to the 3-70 keV energy range, where the source was robustly detected. In either case, we treat the thermal cluster emission as a background, and do not care about the residual thermal cluster flux in the source extraction region, only about the hard X-ray emission dominating at higher energies. Our implicit assumption is that the residual cluster emission at the 3C84 extraction region and at the region used by us as background, have roughly the same temperature (Schmidt et al. 2002) .
ANALYSIS AND RESULTS

Nustar data
We used XSP EC V15.4.0 to model the source spectrum. In addition to an absorption model (wabs), which describes the absorption in the AGN by cold absorbing material in our Galaxy, we used a combined power-law, A(E) = KE −α , and an emission spectrum from hot diffuse gas, apec, to fit the source spectrum, i.e. wabs * (apec + powerlaw). In wabs, we fixed the column density (nH) to the Galactic value of 1.4×10 21 cm −2 . The redshift (z) of the source is fixed to 0.017. The plasma temperature (kT ), metal abundance (abund), and apec normalization (N orm) are kept free while fitting the spectrum. Both the photon index (α) and normalization (K) of the power − law are also set free. The model fit parameters and the reduced χ 2 values along with the degrees of freedom and the corresponding probability are given in Table 1 . As the statistics suggest, this simple wabs * (apec + powerlaw) model well describes the source spectrum over the energy range form 3.0 to 70.0 keV.
Motivated by the detection by the Hitomi satellite of the Fe Kα line emission from the AGN (Hitomi Collaboration et al. 2018), we searched for a presence of such a line in the NuS-TAR data. The flux of the sum of the two components of the line measured by Hitomi is modest, at ∼ 6 × 10 −6 photons cm −2 s −1 . We added a narrow Gaussian emission component to our combined apec + powerlaw model, and note a significant improvement in χ 2 (with ∆χ 2 of 10 for either observation). We note that the best-fit of the line flux is significantly greater than that measured by Hitomi (by about a factor of 5, at ∼ 30 × 10 −6 photons cm −2 s −1 ). However, the fitted energy (as observed) is not well determined (values between 6.0 and 6.4 keV are allowed). In conclusion, we consider as a possibility to account for this finding the fact that the weak Fe-K line is sitting on the wing of the very strong (but intrinsically narrow) 6.7 keV (rest) emission line from the hot cluster gas, and our detection is an artifact of slight miscalibration of NuSTAR's spectral response (specifically, the low-energy wing) to a narrow line.
A significant dominance of the thermal diffuse emission (see Fig. 2 ) in the source spectrum is seen up to ∼10 keV. The power-law AGN component clearly takes over above 10 keV. Most of the radiation we see above 20 keV is contributed χ 2 /dof (prob.) 575/558 (0.22) -The following parameters are Fixed in Model1, Model2, and Model3: nH/wabs (10 20 cm −2 ) = 0.14, Abundanc/apec = 0.50, Redshift = 0.017. We used the AtomDB (version 3.0.9) and the default abundance table is from Anders & Grevesse (1989) . Note: The uncertainties on the parameters are 90% confidence limits.
by the central AGN, 3C 84. In both epochs of our observations, the photon index is determined to be 1.8-1.9, which is quite similar to the γ-ray photon index during that period, Γ E>100 MeV ∼2.0 (Hodgson et al. 2018) . The 20-30 keV energy flux range is 0.9-1.1 ×10 −11 erg cm −2 s −1 , corresponding to an apparent isotropic X-ray luminosity, L 20−30 keV , of (7.35±0.66) ×10 42 erg s −1 . We do not observe any variation in the photon index or flux across the 4 day gap of the two NuSTAR observations (see Table 1 ).
The estimated soft X-ray, 2-10 keV, flux of the central region (including both the AGN and the residual cluster emission in the 30 arcsec radius extraction region) is ∼6×10 −11 erg cm −2 s −1 . Soft X-ray flux of the AGN component is ∼3.3×10 −11 erg cm −2 s −1 (L 2−10 keV = ∼2.3×10
43 erg s −1 ), which is similar to the AGN continuum flux, F 2−10 keV ∼(1.96-4.36)×10
−11 erg cm −2 s −1 , measured by the Hitomi/SXS observations in February, 2016 (Hitomi Collaboration et al. 2018 . The photon index is also similar for the two observations. Hitomi/SXS measured the power-law index in the range 1.45-2.06, and for the NuSTAR observations, it is ∼1.9. The improved constraints relative to Hitomi result from NuSTAR's superior hard X-ray coverage (with sensitivity out to 70keV) and spatial resolution.
Swift/BAT data
We used the archival Swift/BAT data over the first 105 months of observations from December 2004 to August 2013 (Oh et al. 2018) to investigate the hard X-ray spectral properties of the source. The detailed analysis of the BAT data can be found in Oh et al. (2018) . We performed a combined fit of the NuSTAR and BAT data, which we discuss in Section 4.2. Note that the NuSTAR and BAT observations are not close in time and the BAT data are averaged over 9 years.
DISCUSSION
Given its high sensitivity and angular resolution at hard Xrays, NuSTAR observations spectrally decompose the power-law component in the 3C 84 spectrum. The power-law component of the spectrum could either be from the immediate vicinity, i.e. disk/corona, of the central black hole or from the jet. In the following sub-sections we discuss these possibilities in detail.
Accretion disk For a 3-8×10
8 M ⊙ black hole accreting at 10% of its Eddington rate, the peak temperature at 1 R S is ≈2.5×10 5 K, corresponding to 5.2×10 15 Hz, which falls in the ultraviolet (UV) band. Of course for 3C 84, the accretion rate is way below 10% and T ∝(L Edd ) 1/4 ; so, the disk would be even cooler. Moreover, the thermal radiation from the disk does not follow a power law.
Corona
Inverse-Compton scattering of photons from the accretion disk by the corona could emit in hard X-rays (Reis & Miller 2013; Fabian et al. 2015) . For radiatively compact emission regions (like corona, ∼2-30 R g , Fabian et al. 2009; Wilkins & Fabian 2011; Sanfrutos et al. 2013) , pair production naturally occurs. At extremely high temperature, pair production can be a runway process, limiting any further rise in the temperature and a producing a cutoff in the spectrum, which for Seyfert galaxies is in the 50-200 KeV range (Fabian et al. 2015) . However at low mass accretion rates (L ≤ 10 −4 L Edd ) the compactness of the corona will be low and so very high temperatures can be achieved before the pairproduction condition is met.
In the NuSTAR spectrum extending up to 70 keV, we do not see any hint of a cutoff in the spectrum. To further examine the possibility of a cutoff at higher energies, we performed a combined fit of the NuSTAR and Swift/BAT observations. We noticed a clear disagreement between NuSTAR and BAT data between ∼(15-40) keV, which could be anticipated as the data are not simultaneous. Moreover, the BAT spectrum is extracted from a larger region (19.5 arcmin) compared to NuS-TAR and is dominated by cluster emission up to ∼50 KeV ), which could be possibly responsible for the discrepancy between the two. Because of this reason, we ignore the BAT data below 50 KeV in the joint NuSTAR-BAT spectral fitting.
We tried several models to fit the combined NuSTAR and BAT data. At first, we used the simple wabs * (apec + powerlaw) model (M odel1) and froze the model parameters to their respective NuSTAR model-fit values except the apec plasma temperature (KT ) and normalization and the powerlaw index and its normalization. While we present here the spectral-fit results using the NuSTAR data taken on February 04, 2017, we obtained similar results for the first NuSTAR observation. The model-fit parameters are given in Table 1 , and the fitted spectrum is plotted in Fig. 3 (top) . As the statistics suggest, M odel1 well describes the source spectrum up to 200 KeV. Moreover, the power-law index for the combined NuSTAR-BAT data is same as the power-law index for the NuSTAR spectral fits.
We next replaced the power-law component by a cutoff power-law (cutof f pl) (M odel2), and compared the test statistics of the two fits. We noticed no significant change in the χ 2 after adding the cutoff energy. Figure 4 (top) illustrates the contour plots between the power-law photon index and cutoff energy, which constrain the cutoff energy to be above 100 keV for values of the index between 1.7-2.1. We further tested the reflection signatures in the spectrum (M odel3 (wabs * (apec + powerlaw), top), Model2: (wabs * (apec + cutof f pl), middle), and Model3: (wabs * (apec + pexrav), bottom). The best fit parameters are listed in Table 1 . Magdziarz & Zdziarski 1995) . Again no substantial improvement is noticed in the spectral fitting. The best fit parameters are listed in Table 1 , and the fitted spectrum is plotted in Fig. 3 . The index and cutoff energy contour plots in the reflection model are shown in Fig. 4 (bottom) . The reflection model constrained the cutoff energy to be above 100 keV for index 1.9-2.2. The absence of any significant improvement in the spectral fits by adding either cutoff energy or reflection component over a simple power-law component suggests that if there is a cutoff energy in the hard X-ray spectrum of the source, it is beyond the BAT energy range. Both spectral models constrain the cutoff energy to be above 100 keV, which argues in favor of the jet-based origin of the hard X-ray emission in the source. 
Jet
Since the photon index and flux behavior is quite similar in the NuSTAR X-ray and Fermi-LAT γ-ray observations, we used the NuSTAR spectral information to extrapolate and predict the γ-ray flux in the Fermi energy range using the dummyrsp 1 routine in XSP EC. The task returns a flux value of 1.9×10 −10 erg cm −2 s −1 corresponding to an isotropic luminosity of ∼1.14×10
44 erg s −1 in the 0.3-1.0 GeV energy range. The estimated isotropic γ-ray luminosity using NuSTAR observations is similar to the observed γ-ray luminosity of the source using the Fermi-LAT, i.e. L γ−ray ∼10 44 erg s −1 (Fukazawa et al. 2018; Hodgson et al. 2018) . This suggests that the hard X-ray power-law spectrum extends up to γ rays. If this is true, the flux variations at the two energy bands should also have similar behavior. In fact, in a recent study Fukazawa et al. (2018) found a similar variability trend in the long-term 5-10 keV X-ray and γ-ray flux variations. Moreover, the X-ray emission can be described as the low-energy tail of the inverse-Compton scattering in case of a one-zone synchrotron self-Compton model, suggesting a jetbased origin of the X-ray variations (Fukazawa et al. 2018) . A significant correlation between γ-ray and radio flux variations suggests multiple high-energy emission sites located within a distance of ∼2.0 parsecs from the central black hole (Hodgson et al. 2018) . Correlated X-ray and γ-ray variations 1 https://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/node94.html in the source imply the same site for the X-ray emission, i.e. the power-law component of the X-ray emission is located within 2 parsecs of the central black hole.
Another check for the jet-based origin of the hard Xray emission is the spectral slope from optical to X-rays (α OX ). Seyfert galaxies (where most of the X-ray emission is from the immediate vicinity of the central black hole) have <α OX > ∼1.4 (Lusso et al. 2010) . The slope could be a bit smaller for low-luminosity AGN like 3C 84 as α OX is a function of luminosity (see Donato et al. 2001 , for more details). For blazars (where X-ray emission is mostly from the jet), α OX is ∼1.0-1.2 (Donato et al. 2001) . We compared the optical continuum flux at 1500Å from Evans & Koratkar (2004) to 2-10 KeV X-ray flux, and the estimated α OX value for 3C 84 is 1.12, which is more similar to blazars than Seyfert galaxies favoring the jet-based origin of the X-ray emission.
Using the argument that X-ray and γ-ray emission in 3C 84 are co-spatial, we derive a lower limit on the Doppler factor using (Dondi & Ghisellini 1995) 
(1) where ν x is the X-ray frequency in keV and F x is the corresponding flux density in µJy, α is the X-ray spectral index, ν is the γ-ray frequency, and t var is the variability timescale at high-energies (mostly used to constrain the size of the highenergy emission region). From the NuSTAR observations, we have F 20−30 keV = 0.16 µJy (flux density calculated from the X-ray flux measured in the 20-30 KeV band) and Γ 20−30 keV = 1.9. The source exhibits variations on multiple timescales at GeV energies, i.e. the rapid flares have doubling timescales of ∼10 hr (Tanada et al. 2018 ) while the long-duration outburst lasts for 8-12 months (250-350 days) (Hodgson et al. 2018) . Using ν X−ray = 25 keV, α X−ray = 0.9 (Γ 20−30 keV − 1), and t var = 10 hr, we obtained δ 1GeV ≥ 1.4 and δ 1T eV ≥ 3.9. Using t var = 300 days, we have δ 1GeV ≥ 0.4 and δ 1T eV ≥ 1.3. The estimated Doppler factor values (δ ≥ 0.4 − 3.9) are similar to those obtained using the broadband spectral energy distribution and jet kinematics (δ ∼ 1 − 3, Fukazawa et al. 2018; Hodgson et al. 2018) . 5 . CONCLUSION We present analysis of the NuSTAR observations of the central nucleus (3C 84) of the Perseus cluster. Because of the strong dominance of the diffuse thermal emission from the cluster, the true nature and origin of the power-law component from the central AGN remains under debate. The greater sensitivity at hard X-rays offered by NuSTAR allowed us to probe the AGN component in the source spectrum. A strong dominance of the thermal diffuse emission from the cluster is seen below 10 keV, while the power-law component takes over above 20 keV. No flux and spectral variations were observed in the two NuSTAR pointings during 4 days. The 20-30 keV energy flux range is ∼ 1.0×10 −11 erg cm −2 s −1 (L 20−30 keV = 7.4×10 42 erg s −1 ) with a photon index of ∼1.9. We discussed the possibility of different AGN components contributing to the power-law spectrum. An accretion disk of a (3-8)×10
8 M ⊙ black hole does not shine in X-rays. The following arguments suggest that the hard X-ray and γ-ray radiation is emitted by the same population of relativistic electrons from the jet: (1) X-ray and γ-ray photon indices are quite similar (Γ ∼2), (2) γ-ray flux is just an extension of the X-ray flux, (3) the source exhibits similar long-term flux vari-ations at X-rays and γ-rays, (4) no indication of cutoff energy is seen in the combined NuSTAR and BAT spectrum, and (5) the optical-to-Xray spectral slope is more similar to that of blazars rather than Seyfert galaxies. Our study therefore supports that the hard X-ray power-law component dominating the source spectrum above 20 KeV originates from the jet.
